prototype account is to provide values, prices, and quantities of outputs and inputs used in the industry production process. This set of accounts allows one to decompose the industry contributions of inputs and MFP to the sources of GDP growth at the aggregate level.
Productivity statistics integrated with National Economic Accounts' GDP statistics have long been sought to provide a rich source of information for policy makers, business analysts, and economists. The usefulness of such integrated analysis on the sources of growth within the framework of the U.S. national income and product accounts (NIPAs) was first presented by Jorgenson and Landefeld (2006) in A New Architecture for the U.S. National Accounts.
This effort is the latest in a series of collaborations that was formalized in 2002 between the BEA and the BLS to better harmonize and reconcile GDP, GDP by industry, and productivity statistics. Early work involved reconciling price differences between the two agency's measures of industry output to improve industry comparisons. Fraumeni, Harper, Powers, and Yuskavage (FHPY) (2006) detailed the agency collaborations toward reconciling output measures where common data sources were used; the authors also developed a conceptual framework and illustrative production account for the nonfarm business sector. An important step undertaken by BEA around this time involved integrating the National Accounts' GDP statistics with the annual GDP by industry and input-output statistics (Moyer et al. 2004 , Lawson et al. 2006 ). Subsequently, Strassner, Medeiros, and Smith (2005) of BEA produced detailed KLEMS (Kcapital, L-labor, E-energy, M-materials, and S-purchased services) estimates of inputs within the framework of the integrated Industry Accounts. Harper, Moulton, Rosenthal, and Wasshausen (2008) first implemented an integrated production account for the private business sector as outlined by FHPY (2006) , made recommendations of how to expand the production account to cover the total economy, and presented alternative rental prices to improve the measurement of capital services for the nonmarket economy.
1 Most recently, Harper, Khandrika, Kinoshita, and Rosenthal (2010) of BLS integrated the BEA KLEMS statistics to publish BLS nonmanufacturing MFP measures.
2
This paper builds on these previous efforts by developing a prototype BEA/BLS industry-level production account for the period 1998-2010 on a 2002 North American Industry Classification (NAICS) basis. The account incorporates gross output, value added, and intermediate inputs-
including energy, materials, and purchased services-statistics by industry from the BEA, and labor and capital input measures by industry from BLS. BEA data are consistent with the Industry Accounts' statistics as of December 2011. The BLS labor and capital measures were also produced in 2011, and reflect adjustments that were made where necessary to provide consistency in concepts and coverage for this prototype account. 3 We present contributions of KLEMS inputs and MFP to gross output growth at roughly the 3-digit NAICS level of industry detail based on a gross-output production accounting framework. 4 The gross output concept differs from the sectoral concept used by the BLS in its industry-level MFP statistics. The sectoral approach excludes intermediate production and purchases that come from within the industry (i.e., intra-industry transactions) from both output and inputs. This is the primary conceptual difference between the MFP measures presented here and the official BLS productivity statistics. 5 Both approaches are discussed in Schreyer (2001) .
We use the gross-output approach in this prototype, industry-level production account because it provides a clear crosswalk to published BEA GDP, GDP by industry, and Input-Output statistics, including estimates of gross output, value added, and intermediate inputs by
industry. The starting point for this prototype production account is the fundamental economic accounting identity that under the zero profit assumption, the value of gross output equals the value of payments for KLEMS inputs to production, including intra-industry transactions. 6 The complete set of accounts that we present in this paper decomposes changes in these values over time into changes in prices and changes in quantities, thus permitting an index number estimate of MFP growth by industry. This study also includes estimates of the Domar-weighted contributions of industry MFP to economy-wide MFP. We also include illustrative results of a labor composition adjustment to BLS labor hours for purposes of understanding its impact on estimating the contribution of labor input and MFP by industry. 7 This adjustment for labor composition reflects the heterogeneity of each industry's workforce and yields a symmetric treatment of labor and capital services in this prototype, production account.
The remainder of the paper proceeds in five sections. We provide a first look at prototype industry-level results. We present BLS MFP productivity measures and compare them with the industry production account results. We describe the methodology for this prototype industrylevel account, including a description of how the various datasets are compiled. We discuss some of the conceptual and estimation challenges that require resolution before this account can be released on a regular basis. Lastly, we conclude with comments on possible future work and next steps in this important collaboration.
A FIRST LOOK AT PROTOTYPE RESULTS
An important contribution of this prototype, BEA/BLS industry-level production account is that it can be used to trace the sources of U.S. economic growth across all goods-and servicesproducing industries in the U.S. economy. This prototype, integrated account presents the contributions of both value added and intermediate input factors of production, and also the contribution of MFP to U.S. real gross output growth, at roughly the 3-digit NAICS industry level as published in the U.S. Industry Economic Accounts. This section highlights the sources of U.S.
6 Intra-industry purchases can be a relatively important source of production for certain industries; for example, the Semiconductor industry relies heavily on intra-industry transactions to produce microprocessor chips. 7 Domar weights consist of a ratio of current dollar gross output divided by aggregate value added. These weights are unique in that they sum to more than one, reflecting the fact that an increase in an industry's productivity has a direct effect on the industry's output as well a secondary effect through the output of one industry delivered to another as intermediate inputs.
economic growth over the period 1998-2010, including MFP trends during this period at the industry level, and also details the contributions of each industry's MFP to economy-wide MFP. Growth, 1998 Growth, -2010 With the development of a prototype industry-level production account spanning all industries integrated within an Input-Output framework, useful information can be generated by tracing the sources of output growth across each industry's KLEMS inputs-both its primary, value added inputs, and its secondary, intermediate inputs-and to MFP. Table A further demonstrates the usefulness of such integrated analysis within a framework that is consistent with GDP, by presenting the sources of aggregate value added growth for the United States that are attributable to the primary, value added inputs of capital and labor, and to MFP.
Sources of U.S. Output
Industry contributions for each input and MFP were generated and evaluated over several periods. The contributions from at least one of the primary, value added inputs of capital and labor, or secondary, intermediate inputs of energy, materials, and purchased services were greater than MFP growth in more than 75 percent of the 63 industries included in this account.
In the top three industries with the largest percent changes in gross output-positive or negative-intermediate input contributions were the largest contributor to the percent changes in gross output, reflecting its relative weight as a well as recent trends in the sourcing of production (Table B) . In six of the top 10 industries with the strongest output growth, intermediate inputs were the most significant factor. Negative intermediate input contributions
were the largest contributor in all but one of the ten industries that showed the largest output decline (Table 3 ). Rental and leasing and information and data processing services, two capital-intensive industries, were among the industries with the largest capital contributions to output growth.
The capital contribution of rental and leasing was 2.89 percentage points to output growth of 1.7 percent. Capital contributed 1.76 percentage points to real output growth of 7.8 percent for information and data processing services.
Similarly, several labor-intensive industries had the highest labor contribution to output growth (see Table B and Table 3 in the appendix). Computer systems design and related services, education services, and ambulatory health care services were among the industries with the largest labor contributions to output growth.
In the top 10 industries ranked by size of workforce for 2010, the sources of output growth were mixed (Table C) 
Labor composition
In this prototype, we decompose the labor contributions to output growth into demographic characteristics that account for the contributions of the college-educated workforce and those workers that did not attend college. This adjustment to labor input allows for the contribution of labor to reflect changes in the composition of the skill level of the labor force over time, in addition to the number of hours worked by industry. In over 80 percent of the industries measured, the contributions from the college workforce were higher than those that did not attend college, reflecting the industries' shift in demand toward college educated workers (see Table 4 in the appendix). The median contribution of workers with a college education was 0.07 percentage point while the non-college educated workers' subtracted 0.19 percentage point from economy-wide output growth over the period 1998-2010.
Ranking the industries by college educated contributions shows that computer systems design and related services, management of companies and enterprises, and education services have the largest labor contributions to output growth (Table D) .
Warehousing and storage, social assistance, and administrative and support services had the highest labor contributions of non-college-educated labor to output growth.
MFP growth trends at the industry level
"High-tech" industries showed some of the strongest MFP growth over the period 1998-2010
( enterprises and legal services were also among the industries with the largest average annual declines in MFP, decreasing 2.5 percent and 1.8 percent at average annual rates, respectively. 
Contributions to economy-wide MFP

BLS MFP and Industry Contributions to BLS MFP-a comparison
The output measures used in the BLS MFP measures are constructed to be as consistent as possible with the BLS major sector labor productivity measures (except that the MFP measures exclude government enterprises). This consistency allows BLS MFP data to help explain the sources of growth in the official labor productivity series. In a model where capital and labor are the measured inputs, sources of labor productivity growth include increases in capital intensity (i.e., capital deepening) and improvements in the skills of the labor force (i.e., labor composition). Additional sources of labor productivity are attributed to multifactor productivity, which may reflect changes in a variety of factors that are not included as measured inputs, including technology change, economies of scale, and improvements in management techniques or organization of production, among other factors.
For BLS official estimates of private business and private nonfarm business MFP, the relationship of aggregate multifactor productivity to aggregate labor productivity is given by the following equation:
where: This equation shows that labor productivity growth is decomposed into the contribution of multifactor productivity growth, the contribution resulting from K/L substitution (capital deepening) and the contribution of the labor composition effect. This relationship between MFP and labor productivity ties the private business and private nonfarm business MFP measures to the official published estimates of business and nonfarm business labor productivity, with the caveat that government enterprises is excluded.
Furthermore, the BLS industry contributions roughly sum to the official published estimates of private business and private nonfarm business MFP. When compared to the industry-level Domar contributions to economy-wide MFP for the industry production account measures presented in this paper, the industry-level Domar contributions to private business sector MFP are comparable in magnitude and order. Table H below shows BLS multifactor productivity growth for selected industries. For tables I and J, the Domar weighting scheme is applied based on the relative importance of each industry to total private business MFP. 
BLS MFP growth rates for selected industries
Services-producing sector contributions to BLS private business MFP
As in the industry production account measures, securities, commodity contracts, and investments, broadcasting and telecommunications, and wholesale trade show the highest contributions to private business multifactor productivity growth. Description 1998 -2000 2000 -2007 2007 1998 Table M shows the largest negative differences between BLS and the production accounts MFP.
Table N shows the differences between sectoral output and gross output measures. Some of the differences in MFP between the industries are due to the difference in output measures.
The rest are attributable to differences in intermediate inputs.
Description 1998-2010 Funds, trusts, and other financial vehicles -1.6 Information and data processing services -1.1 Petroleum and coal products -0.6 Accommodation -0.6 Textile mills and textile product mills -0.5 Mining, except oil and gas -0.4 Apparel and leather and applied products -0.3 
METHODOLOGY
This section provides a brief overview of the conceptual framework and estimation methods used to prepare the prototype BEA/BLS industry-level production account. We provide a description of the gross-output growth accounting framework, discuss the estimation methods used to prepare our results, and summarize the source data methods used by BEA and BLS to produce the gross output, value added, intermediate inputs, capital input, and labor input used in this account, including adjustments we made to achieve better integration of these datasets.
Conceptual Overview of Measurement
For the prototype BEA/BLS production account framework, we assume the following type of production function relating gross output of an industry to three factor inputs using the gross output production function model: Q = F(K, L, II, t) where K stands for capital, L stands for Labor, II stands for the intermediate inputs.
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Under the assumption of constant returns to scale, perfect competition, and factors being paid their marginal product, the gross-output growth model can be rearranged in terms of MFP growth computed in the following, simplified way. With the above assumptions, the unknown elasticities can be replaced with the observable factor share, , for each input. Shown below is the factor share for capital input:
The assumption of constant returns to scale ensures that the factor shares sum to one.
4.
where 1
In discrete time, the input weights are two-year averages of the cost shares for each input in years t and t-1, where
MFP growth can be rewritten in the following way, relating MFP growth for an industry as the residual of the difference in the growth in output and the growth in the combined inputs:
There are no assumptions restricting individual industries in this analysis of MFP, each industry faces the above production function individually and without regard to any other industry.
Estimation methods -Aggregation
The MFP index is computed by dividing an index of real gross output by an index of combined inputs. A combined real input measure is computed within a Tornqvist index number formula that aggregates real intermediate inputs by industry for energy, materials, and purchased services with the labor and capital input using average cost shares.
14 The current-dollar cost shares of the three main input components are generated using published and computed datasets. 
Asset Detail
The asset detail consists of 86 asset types for fixed business equipment and software, Other IPES includes medical equipment and related instruments, electromedical instruments, nonmedical instruments, photocopying and related equipment, and office and accounting machinery. Structures include nonresidential structures and residential capital that are rented out by profit-making firms or persons.
Capital Stocks
A central concept in the production of BLS capital measures is that of the "productive" capital stock, or the stock measured in efficiency units. Conceptually, the productive stock represents the amount of new investment required to produce the same capital services actually produced by existing assets of all vintages. Thus, total current services from assets of all vintages are proportional to the productive stock. It is this measure of capital stock that is directly associated with productivity. The measurement of the productive stock involves vintage aggregation, which requires historical data on real investment and an "age/efficiency" function that describes the pattern of services that capital goods supply as they age.
BLS computes each type of stock by the perpetual inventory method. The stock at the end of a period is equal to a weighted sum of all past investment, where the weights are the asset's efficiency (defined below) as of a given age.
Mathematically, the productive stock K t , at the end of the period t is given by:
where I t is investment in period t and s t is the efficiency function.
The efficiency function is a schedule that indicates the quantity of services provided by an asset of a given age, relative to a new asset of the same type. This function is generally assigned a value of 1.00 when the asset is new and declines as the asset ages, eventually approaching or reaching zero. Consequently, investments in the more distant past contribute less to current output.
The mathematical form BLS uses for the age/efficiency relationship is the hyperbolic function:
s t = where 0<t<L s t = 0 t>L where s t is the relative efficiency of a t-year-old asset L is the service life t is the age of the asset  is the parameter allowing the shape of the curve to vary.
BLS uses an efficiency function that declines initially at one-half the straight-line depreciation rate for equipment (=0.5) and at one-fourth the straight-line rate for structures (=0.75).
Rental Prices
The "implicit rental price" of capital is based on the neoclassical principle that inputs should be aggregated using weights that reflect their marginal products. The assumption used to formulate the rental price expression is that the purchase price of a capital asset equals the discounted value of the stream of services (and, hence, implicitly the rents) that the asset will provide.
Rental prices are calculated for each asset as
where u t is the corporate income tax rate z t is the present value of $1 of tax depreciation allowances e t is the effective rate of the investment tax credit r t is the nominal rate of return on capital d t is the average rate of economic depreciation p t is the deflator for new capital goods p t is the revaluation of assets due to inflation in new goods prices x t is the rate of property taxation on wealth
The following equation is used to derive the implicit internal rate of return, r t , by substituting c t from the above equation in the product c t K t :
where Y t is capital income K t is productive capital stock.
After determining the internal rate of return in each industry, rental prices are computed separately for each type of asset within each industry.
Government, Non-Profit, and Owner-Occupied Capital
For the purposes of the industry production account, BLS prepared capital measures that are conceptually consistent with the total economy production accounts as described in Harper, Moulton, Rosenthal, and Wasshausen, 2009 . These measures are not consistent with BLS major sector published measures, which exclude government, household and non-profit institutions, and owner-occupied housing capital .
For the industry production account, the addition of government, household and non-profit institutions, and owner-occupied housing capital measures require detailed capital stock for each so that a rental price can be calculated. Industry-specific rates of return are used in generating rental prices for non-profit and owner-occupied housing. For government (Federal, State, and Local), rental prices are based on a weighted average of the rates of return and capital gains for the private business industries to calculate capital income, capital stock, and capital input. A detailed breakdown of capital data for the government stock, owner-occupied housing, and non-profits was collected from the BEA NIPA tables in order to generate rental prices on those assets.
Estimation Methods -Labor Input Labor Hours
The labor hours reflect annual hours worked. Hours are measured separately for different categories of workers in each industry and are then summed. Hours for each industry and class of worker are calculated as the product of employment, average weekly hours, and 52 weeks per year. They are also adjusted to reflect hours at work. The measures generally reflect the data and methods underlying the hours used in the BLS industry productivity and cost measures, but have been adjusted where necessary to improve consistency with the BEA industry accounts. Hours for NIPA industries were aggregated from estimates for more detailed industries.
The primary source of hours and employment data is the BLS Current Employment Statistics (CES) program. The CES data are based on payroll records from a sample of establishments in which the probability of sample selection is related to the establishment size. Data on employment and hours are collected monthly; the reference period for these data is the payroll period including the 12th of the month. Jobs rather than persons are counted in the CES, so that multiple jobholders are counted more than once. Average weekly hours for production and nonsupervisory workers are obtained directly from the CES, while those for nonproduction and supervisory workers are derived using data from the Current Population Survey (CPS) in conjunction with the CES data. 
Labor Composition
Accounting for labor composition-that is, adjusting labor input of total hours by industry to reflect differences in time and skill-has become an important component of productivity measurement. The importance of this work has been described by Jorgenson, Gollop, and Fraumeni (1987) , and by BLS (1993), among others. Just as a key component of including heterogeneous types of assets for capital allows for the measurement of not just the increases in investment, but also the shift in investment to asset types with a higher marginal product;
similarly, including a labor input measure that captures demographic characteristic improves the MFP measure by not just capturing an increase in hours worked, but also industry shifts toward higher-skilled workers.
Consequently, we have incorporated labor composition indexes in the quantity measures of labor input in this prototype, integrated account. These measures account for the heterogeneity of the workforce across sex, employment class, age, and education. This approach in measuring labor input is currently used by BLS in official nonfarm business productivity, and is being investigated at the industry level.
A labor composition index was generated using the comprehensive set of hours' measures from BLS and labor matrices of demographic characteristics provided by Dale Jorgenson Associates (DJA) consistent with data used in Jorgenson, Ho, and Samuels (2012) . The 192 unique demographic categories are divided by gender, class of worker, age (8 categories), and education (6 categories).
Using the DJA labor matrices, a set of compensation shares were generated for payrolled workers. These shares were multiplied by the published BEA labor compensation figures to produce a 63 industry set of 96 unique demographic categories of compensation for payrolled workers. Similarly, a set of hours' shares were generated and applied to the BLS payrolled worker hours to allocate payrolled hours by industry by 96 demographic categories. 21 The 21 While detailed data exist for self-employed income from the National Accounts, a labor compensation measure for the self-employed does not exist mainly for reasons of conceptual problems. A common assumption in the productivity literature and one adopted by this study is to assume that the payrolled compensation per hour is the payrolled compensation data are consistent with published BEA data and the self-employed compensation estimates are based on the assumption that payrolled employees of a given demographic characteristic will receive similar compensation per hour of work as the selfemployed workers.
CONCEPTUAL AND MEASURMENT CHALLENGES
While this prototype industry-level production account represents an important step in integrating the national accounts with MFP statistics, concerns and challenges remain.
Differences arise in part because of the different goals of each agency. BEA's mission is to promote a better understanding of the U.S. economy by providing the most timely, relevant, and accurate economic accounts, which has led to the development of a set of accounts that provides complete and consistent coverage of the domestic output of the entire economy. The BLS mission has been to provide maximum reliability in its productivity measures using economic concepts and methods that are most appropriate for measuring productivity, and to ensure consistency between its official labor productivity series and multifactor productivity series. As a result, some of the data presented here reflect differences in concepts and coverage from the official BLS productivity data. Some challenges remain, including:
The use of a gross output concept for measuring multifactor productivity in the production accounts contrasts with the sectoral industry output approach used in the official productivity measures produced by BLS. BLS adjusts output and intermediate inputs to exclude the doublecounting that occurs when sales between firms in the same industry or sector are included.
Double counting occurs both in the output measure and in the purchased intermediates used to produce that output, and therefore is added identically to both the numerator and denominator of the productivity ratio. Inputs of materials produced and consumed in the same sector are already represented by the inputs used to make them. Counting both the intrasector transaction and the inputs that they embody gives an overstated importance to these same as the self-employed compensation per hour. BEA adjusted this assumption in two cases where anecdotal evidence suggested that this assumption may not be valid and the results from the model suggested a change, those two industries were NAICS 624 -Social Assistance and NAICS Performing arts, spectator sports, museums, and related activities.
inputs relative to other inputs. Additionally, adding the same transactions to both the numerator and denominator of the productivity equation causes productivity change to be dampened. Further complications arise when the degree of integration within industries changes over time. If a reporting establishment is later split into two establishments for reporting purposes, or if two establishments are later combined into a single facility, this can bias the productivity data over time. Use of sectoral output and input measures avoids these problems.
The production accounts and MFP measures presented here reflect output consistent with GDP for the total economy. These accounts are in keeping with the BEA goal to measure total domestic production. This prototype confirms a long-standing challenge related to the presence of negative MFP growth within the non-manufacturing sector, implying the likelihood that some mismeasurement of outputs and/or inputs remains. 22 Long-term declining productivity in such industries as construction, management of companies, rental and leasing services, legal services and other services is counter-intuitive and raises questions about the accuracy of the data.
Challenges remain in accurately measuring the output of many industries. These results suggest further work by BEA and BLS to reconcile output differences, as well as work with the U.S.
Census Bureau to continue to improve services-sector measurement, including the expansion of business expense data reported on the annual business expenses and services annual surveys which would be used to improve the measurement of intermediate inputs by industry.
For many of the industries presented here the MFP trends are similar to those published by BLS, but for some industries these trends differ. Reconciling the reasons for these differences will be part of the ongoing collaborative work of the two agencies.
CONCLUSION AND POSSIBLE NEXT STEPS
This paper provides an important down-payment on an integrated, industry-level production account for the United States. It builds on a long-standing history of collaboration between BEA and BLS and illustrates the importance of understanding the sources of economic growth, including KLEMS inputs and MFP growth, within an integrated National Economic Accounts framework, as first described by Jorgenson and Landefeld (2006) .
However, much work remains before a BEA/BLS industry-level production account will be released on a regular basis. Challenges to a regular release include an increasingly tough U.S.
budgetary resource environment for introducing new initiatives in addition to methodology considerations seeking resolution in future work.
This prototype was prepared absent any new resources at BEA or BLS, which poses a practical challenge for continuing this initiative in future years. Within BEA, there are many near-term initiatives to improve the accuracy, relevance, and timeliness of its National and Industry Accounts. For example, Strassner and Wasshausen (2011) recently described BEA's work on a fiscal year 2013 budget initiative to produce U.S. quarterly GDP by industry on a near "realtime" basis, which currently is also unfunded. Within BLS, resource constraints and other important initiatives pose a challenge to expanding work in the productivity program. For example, BLS is also working on developing a prototype for calculating quarterly MFP.
Further work to incorporate a labor composition adjustment at the industry level remains a research item on both the BEA and BLS' research agenda. This project makes use of the DJA labor matrices used in similar studies such as that by Jorgenson, Ho, and Samuels (2012) . The illustrative adjustments incorporated into this account are based on a good approximation, but further work remains in this area. BLS is close to finalizing a methodology to incorporate industry labor composition measures into its official major sector manufacturing and NIPA-level industry MFP measures.
This initiative to produce an integrated, industry-level production account, despite budgetary considerations, remains one of the BEA's flagship projects (Moyer 2009) . Toward this goal, BEA has been working to produce an internally consistent industry-level production account, consistent with GDP, that incorporates capital measures based on a set of assumptions that are consistent with BEA's fixed assets account. Using the assumption that the age-efficiency profile is defined by a constant geometric rate along with similar tax factors as was used in the BLS measure, an alternate capital measure was computed and below is an illustrative example of some of the results that were generated. The age-efficiency assumption implies a geometric pattern in the acquisition price of capital goods as well as a geometric rate of economic depreciation, which is consistent with BEA measures of private investment in equipment and software in the NIPAs and in the Fixed Assets account. Since the age-price profile is geometric, the age efficiency profile must also follow the same geometric pattern.
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BEA BLS BEA BLS BEA BLS BEA BLS Apparel and leather and allied products -2.1 -2.2 -2.4 -2.8 -5.0 -3.9 -5.9 -3.8 Furniture and related products 1.1 1.4 1.6 1.5 -3.9 -2.3 -4.3 -3.3 Miscellaneous professional, scientific, and technical 9.0 8.4 8.8 8.6 3.9 3.8 3.1 2.7
Description 1998-2010 2007-2010 2009-2010 2000-2007 Results are present for two manufacturing industries and one service sector industry where the rates of capital input growth are similar. Despite the differing assumptions with respect to the capital input model, the two measures are remarkably similar in the time periods evaluated. 
BLS Sectoral Output Growth 1998-2010
Sectoral Output Growth 1998 Growth -2010 Description 1998-2000 2000-2007 2007-2010 1998-2010 1998-2000 2000-2007 2007-2010 1998-2010 
